Summary. Oestrone, oestradiol-17\g=b\ and oestriol were measured in plasma samples from non-pregnant and pregnant African elephants shot in the wild. Enzymic hydrolysis of plasma showed that approximately 90 and 96% of the total (i.e. conjugated plus unconjugated) concentrations of oestrone and oestradiol-17\g=b\,respectively were represented by conjugated hormones. Unconjugated oestrogens remained low ( < 50 pg/ml) in all samples, with no distinction between non-pregnant and pregnant animals. Levels of total oestrone during pregnancy varied between 160 and 594 pg/ml but were not significantly different from non-pregnant values. Total oestradiol-17\g=b\ concentrations were significantly elevated during pregnancy (P < 0\m=.\01)and, despite considerable individual variation (193\p=n-\1428pg/ml), were consistently higher than non-pregnant values after 6 months of gestation. The elevated levels of oestradiol-17\g=b\resulted in a reversal of the total oestradiol-17\g=b\:oestrone concentration ratio at about 6 months of pregnancy. Concentrations of total oestriol did not exceed 103 pg/ml. An indirect method of measurement indicated that oestradiol-17\g=b\sulphate was probably the most abundant circulating oestrogen during pregnancy in the African elephant.
Introduction
There are very few data on the hormonal characteristics of pregnancy in the Asian or African elephant. Those which do exist have indicated unusually low levels of steroids in luteal tissue (Smith, Hanks & Short, 1969; Hanks & Short, 1972) and in the blood (Plotka, Seal, Schobert & Schmoller, 1975) compared with other mammals, and have been unable to provide any clear endocrine distinction between the pregnant and non-pregnant condition. However, McNeilly, Martin, Hodges & Smuts (1983) have now reported a modest, but significant, elevation in blood progesterone and a marked increase in prolactin levels during pregnancy in the African elephant. In this paper the circulating oestrogen concentrations during pregnancy are described.
Materials and Methods

Sample collection
The plasma samples used in this study were from 22 pregnant and 5 non-pregnant African elephants killed by shooting in the Kruger National Park, South Africa, in August 1977 and in February and April 1978. Details of blood collection and the preparation, storage and transport of plasma are described by McNeilly et al. (1983) . Non-pregnant elephants were judged to be sexually mature by age determination (range 15-32 years; Laws, 1966) and from evidence of previous ovulation (i.e. presence of corpora lutea or corpora albicantia). Large follicles were present in the ovaries from 3 of the 5 non-pregnant animals. Stage of pregnancy was estimated from measurement of fetal weight and crown-rump length according to the method of Perry (1953) and Laws & Parker (1968) . The ages of pregnant animals were 9-36 years.
Hormone assays
Unconjugated oestrone, oestradiol-17ß and oestriol in plasma (1-0 ml) were measured by radio¬ immunoassay procedures previously described (Hodges, Brand, Henderson & Kelly, 1983) . The concentration of total oestrogen (i.e. conjugated plus unconjugated) was measured by incorporating an enzymic hydrolysis step before assay . Plasma (0-3 ml) was hydrolysed by adding 0005 ml ß-glucuronidase arylsulphatase (Sigma Chemical Co., Poole, England) in 0-6 ml phosphate-saline buffer (PBS, pH 5-0) or 0-015 ml ß-glucuronidase (Pasteur Institute, Paris, France) in 0-6 ml PBS (pH 7-0) and incubation for 20 h at 37°C. (Hodges, Gulick, Czekala & Lasley, 1981) . Selected fractions were evaporated to dryness, reconstituted in assay buffer and separate aliquots taken for assay (in duplicate) and recovery determination. The mean ± s.e.m. recovery values for the oestrone, oestradiol-17ßand oestriol assays were 67-6 ± 1-1%(« = 64), 61 -8 ± 0-6% (n = 78) and 73-4 ± 3-0% (n = 10), respectively. The origins and specificities of the antisera used here have been described . The sensitivity of each assay, defined as the minimum hormone concentration detectable/ml elephant plasma was 21 pg oestrone, 20 pg oestradiol-17ß and 12 pg oestriol for unconjugated hormone and 86 pg oestrone, 83 pg oestradiol-17ß and 40 pg oestriol for total hormone (after hydrolysis). Buffer and hydrolysis enzyme blanks which were extracted and run through celite for each assay gave values less than the sensitivities of the respective assays. Interassay precision, expressed as the coefficient of variation for replicate determinations of a low and a high value plasma pool, was 6-7 and 11-2% (n = 5) for oestrone and 10-7 and 11-6% (n = 5) for oestradiol. Oestriol measurements were performed in a single assay. Intra-assay precision was <8% for each hormone.
Validation of the measurement of oestrogens was achieved by performing celite column cochromatography and comparing the profile of immunoreactivity with that of pure tritiated steroid across the appropriate elution fractions at 0-5 ml intervals ). Text-figure 1(a) illustrates this procedure for oestrone and oestradiol-17ß measured in a randomly selected plasma sample after hydrolysis.
Continuous elution reverse-phase high-pressure liquid chromatography was also performed on one sample from mid-pregnancy to determine whether immunoreactive oestrogens other than oestrone, oestradiol-17ß and oestriol were present in significant amounts. Details of the procedure have been previously reported (Hodges et al, 1981) . Oestrogen immunoreactivity in each 0-5 ml fraction eluted from the column was measured using an oestriol trisuccinyl-directed antibody non¬ specific for oestrogens (Tulchinsky & Abraham, 1971 (< 20-41 pg/ml, pregnant; <20-32 pg/ml, non-pregnant) as shown in Text- fig. 2(b) . Values in 2 of 3 non¬ pregnant and 7 of 14 pregnant animals were undetectable (<20 pg/ml). However, the concentrations of total oestradiol-17ß during pregnancy (mean ± s.e.m., 498-9 ± 72-3 pg/ml, = 22; range 116-1428 pg/ml) were significantly higher than those in samples from non-pregnant animals (mean ± s.e.m., 157 ± 6 pg/ml, = 5; range 120-186 pg/ml) (P < 0-01). Furthermore, despite considerable individual variation, concentrations of total oestradiol-17ß after 6 months gestation were consistently higher than values in non-pregnant animals. In 7 samples in which the levels of unconjugated oestradiol-17ß were detectable, 95-8 ± 1 0% of the value for total oestradiol-17ß was accounted for by conjugated hormone.
Levels of unconjugated oestriol were undetectable (< 12 pg/ml) in all samples measured. The concentration of total oestriol in 1 non-pregnant elephant was 89 pg/ml, whereas levels in 4 pregnant animals (7-16 months) varied between 52 and 103 pg/ml.
Comparison between concentrations of unconjugated oestrone and oestradiol-17ß is difficult because of the large proportion of undetectable values. However, in those samples with detectable levels of both unconjugated hormones the mean ± s.e.m. concentration ratio of oestradiol-17ß :oestrone was 0-86 ± 0-1 (n = 7). Concentrations of total oestradiol-17ß were lower than those of total oestrone in all samples from non-pregnant animals (n = 5) and pregnant animals up to 6 
Discussion
This paper provides the first detailed account of circulating levels of oestrone and oestradiol-17ß during pregnancy in the African elephant. The pattern of low levels of unconjugated oestrogens confirms a previous report (Plotka et al, 1975) describing oestrogen concentrations of 12-37 pg/ml (measured by non-specific oestradiol antibody) in 8 samples from Asian and African elephants in various reproductive states. In agreement with the present results there was no evidence for an increase in unconjugated oestrogen levels associated with pregnancy. The only other report of circulating oestrogens in the elephant is by Chappel & Schmidt (1979) who measured concentrations of oestradiol-17ß of up to 13 pg/ml during oestrus in a single Asian elephant.
Although the concentrations of unconjugated oestrone and oestradiol in the elephant remain low during pregnancy, other unconjugated oestrogens may be more abundant. Nevertheless, the levels of oestrogen reported here compare with those found throughout much of gestation in several domestic species including sheep (Challis, 1971; Liggins, Fairclough, Grieves, Forster & Knox, 1977) and cattle (Wettemann & Hafs, 1973; Hoffman, Wagner, Rattenberger & Schmidt, 1977) . It is not known whether there is an increase in unconjugated oestrogen concentrations during late pregnancy in the elephant comparable with that described for the sheep and cow (Challis, 1971 ; Hoffman et al, 1977) .
The present results demonstrate that most of the circulating oestrone and oestradiol-17ß in the African elephant is in conjugated form. In many other species in which elevated concentrations of conjugated oestrogens are a feature of pregnancy, oestrone sulphate is present in greatest quantities (Loriaux, Ruder & Lipsett, 1971 ; Robertson & King, 1974; Tsang, Hackett & Turner, 1975 ; Tsang & Hackett, 1979) . Based on an indirect method of estimation, the present data suggest that the most abundant oestrogen during pregnancy in the African elephant is oestradiol-17ß sulphate. Direct measurement of individual oestrogen conjugates is needed to confirm this. The HPLC data suggest that conjugates of oestrone and oestradiol-17ß account for most of the overall oestrogen immuno¬ reactivity in the sample at 12 months of gestation. However, the proportion of'total' oestrogen represented by oestrone and oestradiol-17ß at other stages of pregnancy is not necessarily the same, and it cannot be assumed that the sample is representative of the oestrogen concentrations in other elephants.
The preferential increase in conjugated oestradiol-17ß during pregnancy results in a reversal of the total oestradiol-17ß : oestrone concentration ratio. Although this ratio is significantly higher in pregnant than in non-pregnant animals when all samples are included, total oestrone continues to be more abundant than oestradiol-17ß during the early stages of pregnancy, and the reversal of the concentration ratio coincides with the appearance of elevated concentrations of conjugated oestradiol-17ß at about 6 months gestation. McNeilly et al (1983) have shown that prolactin levels also begin to increase at about this time and have suggested that the two events are related, as indeed they appear to be in several other species during pregnancy (Cowie, Forsyth & Hart, 1980 (Smith & Buss, 1975) and there is a decline in LH and FSH levels over a similar period (McNeilly et al, 1983) . Histologically, the corpus luteum appears most steroidogenically active between 2 and 14 months of pregnancy (Smith & Buss, 1975 (1983) have described the potential for pregnancy diagnosis at 7 months using the measurement of plasma prolactin. The present study suggests that measurement of conjugated oestradiol-17ß or the concentration ratio of oestradiol-17ß : oestrone may also be informative by this stage in pregnancy, although combined analysis of prolactin and oestrogen would allow a more confident diagnosis. Urinary oestrogens are measurable during the oestrous cycle of the Asian elephant (Ramsay, Lasley & Stabenfeldt, 1981) but their levels during pregnancy have not been reported. The identification of the appropriate oestrogen metabolite in urine would be of much greater practical value for pregnancy diagnosis of elephants both in captivity and in the wild.
